defined as the ability to process faces or objects as a whole. However, configural processing is not a unitary construct, and thus there are many definitions and several different types of configural face processing. For purposes of the current study, configural face processing refers to the spatial layout of face elements and their relation to one another (what has been referred to as second-order configural processing). Featural information within a face, however, includes the individual elements that can be referred to in relative isolation (such as the eyes, or mouth). These sources of information are not mutually exclusive, as featural changes necessitate a change in configuration, and changes in configurations involve a concomitant change in the individual features (Tanaka and Sengco 1997) . Configural processing is considered a hallmark of face processing relative to processing other perceptual stimuli, such as objects (Carey and Diamond 1977; Sergent 1984; Rhodes 1988; Rhodes et al 1993; Farah et al 1995; McKone et al 2001; Murray et al 2003) . The human reliance on configural information in the recognition and processing of faces is demonstrated when faces are inverted (Yin 1969) and also when features of inverted faces are upright (Thompson 1980) . Inversion tends to impair recognition of faces more than of objects. This effect was first reported by Yin (1969) who found that inversion disrupts the configural processing of a face. Furthermore, Farah et al (1995) contend that faces are represented as holistic units, whereas objects can be broken down into separable parts. Inverting a face presumably causes a disruption in this configural or holistic processing, and thus causes decrements in face processing, such as impaired recognition, and delayed reaction time (Freire et al 2000) . Interestingly, individuals with specific face recognition deficits (those with prosopagnosia), exhibit performance advantages over normal controls on inverted face processing (Farah 1995; de Gelder et al 1998) . Marotta et al (2001) conducted an fMRI study with prosopagnosic patients and found that these patients did not show the normal pattern of activation of the fusiform area. They did, however, report left-hemisphere posterior fusiform activation, which, according to the authors, suggests that these patients are processing stimuli in a more feature-based than holistic manner.
It is currently unclear why there is this bias for processing faces configurally. Moreover, it is unclear how configural processing of faces develops and changes over time. Several recent investigations suggest that configural processing may go hand in hand with expert perceptual processing. For example, Gauthier and Tarr (1997) report that participants who were trained to be experts at identifying and differentiating greebles (a category of objects, designed to be similar to faces), tend to be more impaired when the configural information of these stimuli is disrupted after training. Furthermore, car experts are impaired at identifying cars when the configuration of a car is disrupted (Gauthier et al 2003) . This experience-based explanation is consistent with developmental data suggesting that 9-year-old patients with bilateral congenital cataracts removed between 2 and 6 months of age are impaired in configural face processing (but not featural face processing) relative to typically developing controls (Le Grand et al 2001) . Thus, visual experience with faces early in development (first 6 months of life) may be important for the development of configural face processing.
Other developmental investigations also suggest that changes in infants' abilities to process stimuli configurally occur within the first year of life. These findings suggest that there may be a shift (or multiple shifts) from featural to configural processing in infancy (Younger and Cohen 1986; Cohen and Cashon 2001; Le Grand et al 2001; Cashon and Cohen 2004) . For example, Younger and Cohen (1986) investigated the ability of infants aged 4, 7, and 10 months to process the correlations among features of schematic drawings of imaginary animals. Results indicated that 7-month-olds but not 4-month-olds, responded to the animal picture holistically. Furthermore, Kestenbaum and Nelson (1990) showed that 7-month-old infants could form a category of the facial expression happiness if the faces were upright but not if the faces were inverted, suggesting that, similar to adults, 7-month-olds process upright faces holistically and inverted faces using featural information. Cohen and Cashon (2001) report a developmental shift from featural to configural processing of faces. They suggest that before the age of 7 months, infants process specific features of complex objects but after the age of 7 months they are able to integrate those features into a whole object. Furthermore, when faces were upright, but not inverted, 7-month-old infants looked longer at the face with switched internal features than at the familiar face. In a follow-up investigation, Cashon and Cohen (2004) suggest that the development of configural processing, based on inversion effects, may follow an N-shaped developmental course from 3 to 7 months of age. More specifically, these authors report that there may be two shifts from featural to configural processing of faces, the first occurring between 3 and 4 months of age and the second occurring between 6 and 7 months of age.
The current set of experiments was designed to elucidate the development of configural and featural face processing in adults and infants by recording event-related potentials (ERPs) and comparing results across ages. Although one cannot completely dissociate featural and configural face processing, the stimuli used in the current experiment were designed to differentially weight these two types of changes. For example, noticing that the eyes of a face have been moved should preferentially tap configural processing compared to when the eyes of the same face have been replaced with different eyes (this type of change should preferentially tap featural processing). Participants across all ages were presented with faces with either featural or configural changes while ERPs were recorded from the scalp.
2 Experiment 1: Configural and featural face processing in adults Several neuroimaging methods have been used to study the functional neuroanatomy of face processing. The fusiform face area (FFA), an area in the ventral occipitotemporal cortex, has been identified as being disproportionately active during the presentation of faces or face-like stimuli (Kanwisher et al 1997; Haxby et al 2001) . Studies using ERPs have found a negatively peaked component occurring around 170 ms (N170) after stimulus onset that differentiates faces and objects (eg Bentin et al 1996; Jeffreys 1996; Carmel and Bentin 2002) . This negative component tends to be prominent over lateral leads (eg Carmel and Bentin 2002; ; it does not appear to be sensitive to familiar versus unfamiliar faces (Bentin and Deouell 2000) ; is enhanced and delayed by stimulus inversion (Rossion et al 1999 (Rossion et al , 2000 Sagiv and Bentin 2001) ; and can be elicited by schematic drawings (Sagiv and Bentin 2001) and isolated facial features (eyes) (Bentin et al 1996) . Moreover, the context of the task used also does not appear to influence the response of this component (Carmel and Bentin 2002) . These results suggest that the N170 response may be somewhat domain-specific. However, in several recent investigations N170 modulations have been found in response to the presentation of objects of expertise (Tanaka and Curran 2001; Curran et al 2002; Rossion et al 2002) This electrophysiological modulation may be due to an increase in configural processing with increases in perceptual expertise (Rossion et al 2002; Gauthier et al 2003; Tanaka et al 2004) . For example, inverting objects (disrupting configural processing) in which participants have obtained expertise (eg greebles) results in a larger and longer latency to peak N170 in the left hemisphere (Rossion et al 2002) .
To date, no direct electrophysiological comparison of featural and configural face processing has been completed. An understanding of the processing biases and electrophysiological differences between configural and featural face processing may further elucidate the function of the N170 component. Currently there are two main competing hypotheses for the function of the N170: a domain-specific and a domain-general hypothesis. The domain-specific explanation suggests that the N170 is specific to faces (eg Carmel and Bentin 2002) , and the domain-general hypothesis suggests that the N170 is involved in processing and categorizing objects of expertise (eg Tanaka and Curran 2001 ). In the current investigation, we sought to further investigate the function of the N170 in adults. If the N170 does not differentiate configural and featural changes to faces, a domain-specific hypothesis would be supported (ie the N170 is a`face detector' that is not sensitive to configural and featural manipulations). However, if the N170 is modulated by a more general mechanism, including perceptual expertise and configural processing, manipulations of the information should influence the N170. More specifically, we would expect to see N170 amplitude and latency differences in detecting both configural and featural face changes. In the current study, we further investigated these alternative explanations by presenting adult participants with changes in configural and featural information while ERPs were recorded.
2.1 Methods 2.1.1 Participants. The University of Minnesota Institutional Review Board approved all procedures used in this study. Informed consent was obtained from all participants. Participants were fourteen healthy right-handed adults (eight female), recruited from the undergraduate population at the University of Minnesota. An additional two participants were excluded owing to excessive eye or movement artifacts. Participants were either paid $10 or given extra credit for an Introductory Psychology class. All participants were Caucasian.
2.1.2 Stimuli. Stimuli included gray-scale faces that were changed in one of two waysöeither configurally or featurally. All stimulus changes were made with Adobe Photoshop (version 5.5). Faces were altered by either moving or replacing the eyes or the mouth (see figure 1) . Each face measured 28 cm (diagonally). For the configural changes, the eyes were moved approximately Å AE^1 cm away from their original position, and the mouth was moved approximately Ã Ä^Å AE cm down from its original position. For the featural changes, the eyes and the mouth were replaced with someone else's eyes or mouth without changing the location of the features. On the basis of the results of pilot testing, the faces used in this experiment were matched for level of difficulty (see figure 1) . In this pilot test, participants simply indicated whether two side-by-side faces were the same picture or a different picture. The side-by-side presentations included configural and featural changes as well as comparisons of faces that were the same. Accuracy and reaction-time measures were used to identify configural and featural changes in faces that were relatively equivalent in difficulty to detect the change. These faces were then used in the present investigation. Thus, detecting configural and featural changes across these faces was equivalent. Stimuli were presented with E-prime (version 1.0). Stimuli consisted of 180 randomly presented trials of each of 3 conditions (60 trials of each condition). The presentation of stimuli included the following: (i) the familiarized unchanged face, (ii) the familiarized face with either its features or its configuration altered, and (iii) a novel face (see figure 1 ). These stimuli did not change throughout the paradigm and there was only one image for each condition. Each stimulus was presented for 500 ms, with a varying inter-trial interval of 1200^1300 ms. All stimuli were presented on a blue screen. After the inter-trial interval, a white fixation cross was presented for 500 ms prior to the presentation of the next stimulus.
2.1.3 Procedure. Participants were seated approximately 60^70 cm away from the computer monitor and the visual angle subtended by the stimuli was 13.30 deg. Adults completed both a configural-change and a featural-change face task (within-subjects; order was counterbalanced). Adults were familiarized with a single unfamiliar unchanged face. They were told to press a button when they had memorized the face well enough to identify it in subsequent trials, if needed (average exposure of 38 s). Adults then passively viewed a series of serially presented faces while ERPs were recorded. Participants were instructed not to move and to try not to blink. During the experiment, a researcher viewed a live video of participants while they completed both tasks. Participants were informed that they would be monitored by video. If participants appeared to be inattentive, the experimenter asked them to be more attentive.
2.1.4 Electrophysiological methods. ERPs were collected with a 128-channel Geodesic Sensor Net (Electrical Geodesics, Inc., Eugene, Oregon) connected to an AC-coupled 128-channel, high-input-impedance amplifier (Net Amps 200, Electrical Geodesics, Inc.). Amplified analog voltages (0.1^100 Hz bandpass) were digitized at 250 Hz. Impedances were accepted if they were less than 50 kO.
Post-recording segmentation and averaging was completed with Netstation 4.01 (Electrical Geodesics, Inc.). Trials were discarded from analyses if they contained vertical eye movements (vertical EOG channels greater than 70 mV) or more than 10 bad channels (changing more than 100 mV between samples or if amplitudes exceeded 200 mV). Individual channels that were consistently bad (offscale on more than 20% of the trials) were replaced with the use of a spherical interpolation algorithm. A mean of 2.6 channels were replaced with interpolated data per participant.
Participants' ERPs were segmented and averaged to six different conditions including featural task: (i) familiarized face, (ii) featural change, (iii) unfamiliar face; and configural task: (iv) familiarized face, (v) configural change, (vi) unfamiliar face. Difference waves were computed by subtracting the waveform response of configural and featural changes from the familiarized face in each task. Two participants with fewer than 20 artifact-free trials per condition were excluded from analyses. The mean number of trials included in each condition across all subjects ranged from 42^48. ERPs were baseline corrected with respect to a 100-ms pre-stimulus recording interval and were digitally low-pass filtered at 30 Hz. An average reference was used to minimize the effects of reference site activity and accurately estimate the scalp topography of ERPs recorded from a high-density electrode montage (Dien 1998).
Results
Analyses for the present study focused on the N170 component. Maximum negative amplitude and the corresponding latency were analyzed across conditions from 143 to 219 ms after stimulus onset. The channels selected for analyses were determined on the basis of previous reports of the N170 obtained with the EGI system (for example, see Tanaka and Curran 2001) and by identifying the electrode locations within the occipital-temporal regions with prominent N170 components. Six electrodes from each hemisphere were then averaged (left 59, 60, 51, 58, 52, and 65; right 92, 93, 86, 91, 97, and 98) . Two different types of analyses were conducted. Amplitude and latency measures were first submitted to a 26362 MANOVA with two levels of task or condition (configural; featural), three levels of type (familiarized face; unfamiliar face; familiarized face with either a configural or featural change), and two levels of hemisphere (right; left) to determine overall effects. Analyses were also conducted on difference waves. Difference waves were calculated by subtracting the response to the altered face from the response to the original unaltered face for both the featural and configural conditions. Amplitude and latency measures for the difference-wave analyses were submitted to a 262 MANOVA with two levels of condition (configural difference; featural differences) and two levels of hemisphere (right; left). Significant main effects and interactions were followed up with paired comparisons corrected for multiple comparisons.
Overall electrophysiological results.
Overall amplitude analyses did not reveal any significant main effects or interactions for the N170 component. For latency measures, there were no significant main effects, but there was a significant interaction between condition and type of trial (F 2 12 4X33, p 5 0X05). Follow-up t-tests indicate that the latency response to the unfamiliar face was different, depending on whether the faces were presented in the configural or featural task. The unfamiliar face in the featural task peaked at a significantly later latency than the unfamiliar face in the configural task (t 13 À2X42, p 5 0X05).
2.2.2
Difference-wave results. Difference waves were computed by subtracting the N170 response to the altered face from that to the familiarized (unaltered) face (either configural or featural changes). Amplitude results indicate no main effects of condition or hemisphere, but there was a significant interaction between condition (configural/ featural) and hemisphere (F 1 13 12X38, p 5 0X01). Follow-up tests indicate a greater difference between the featural change and the original faces in the left hemisphere than in the right hemisphere (t 13 À3X66, p 5 0X01). There was no difference between the configural change and the original face across hemispheres. Additionally, the difference in the left hemisphere was significantly greater for the featural than for the configural changes (t 13 À2X21, p 5 0X05), and the difference in amplitude in the right hemisphere was greater for configural than for featural changes (t 13 2X39, p 5 0X05; see figures 2 and 3; table 1). There were no significant latency effects. 
Discussion
The current study was designed to elucidate the electrophysiological correlates of featural and configural processing. Results of the overall amplitude and latency effects across both configural and featural tasks revealed no amplitude or latency differences when participants viewed the familiarized face, the unfamiliar face, and the altered familiarized face within each task (configural or featural). These findings are consistent with several past reports that suggest that the N170 is a`face detector' and is not sensitive to changes across faces (Bentin et al 1996; Bentin and Deouell 2000; Sagiv and Bentin 2001; Carmel and Bentin 2002) . However, the context of the task (either configural or featural) appears to have influenced the role of the unfamiliar face. The latency of the N170 component was significantly longer for the unfamiliar face in the featural than in the configural task. These data suggest that, contrary to what others have reported (Carmel and Bentin 2002) , the latency of the N170 may be influenced by the task context. Interestingly, results of the difference-wave analyses (subtracting the N170 response to the altered face from that to the original familiarized face) reveal important differences between configural and featural processing, suggesting that the N170 is influenced by changes in the configural and featural information within a face. Specifically, hemispheric differences were found across these different types of changes; the N170 is greater in the left hemisphere than in the right hemisphere for featural changes. Additionally, featural and configural changes are processed differently within the right and left hemispheres. The right-hemisphere N170 is significantly greater for configural than for featural changes. The left-hemisphere N170, however, exhibits the opposite effect. These data suggest that, similar to what has been reported in studies with fMRI (Marotta et al 2001) , PET (Rossion et al 2000) , in developmental studies (Deruelle and de Schonen 1998) , in prospagnosic patients (de Renzi et al 1994) , and in patients with left monocular deprivation due to congenital cataracts (Le Grand et al 2003) , there are hemispheric differences between configural and featural processing. Unlike some of the previous investigations, we found that featural processing appears to be more lateralized (left) than configural processing. These hemispheric differences are also consistent with previously reported hemispheric differences between global and local processing. For example, Akshoomoff et al (2002) looked at the impact of early unilateral brain injury on perceptual organization and visual memory. In that study, patients with right-hemisphere and left-hemisphere damage were asked to copy a complex figure. Findings indicated that children with right-hemisphere damage attended mostly to details and children with left-hemisphere damage attended mostly to the larger configuration.
Overall, the results of this study suggest that, although N170 differences between configural and featural face processing are negligible at first glance, differences emerge when compared to the original familiarized face (in the absence of the unfamiliar face). These results suggest that the N170 can be influenced by changes in task context and is sensitive to changes in both configural and featural information within a face. Furthermore, these data reveal a dissociation between configural and featural processing within the right and left hemispheres, suggesting that featural changes elicit a larger N170 in the left hemisphere and configural changes elicit a larger N170 in the right hemisphere.
3 Experiment 2: Configural and featural face processing within the first year of life Although there is a growing literature documenting the properties of the face-sensitive N170 in adults, we have only recently begun to study the infant analog to this component. The infant N290 and the P400 have been identified as being modulated by faces in a similar manner as the adult N170. Between 7 and 12 months of age the infant N290 component is modulated by stimulus inversion in the same way as the adult N170 Halit et al 2003) . However, 3-month-olds and 6-month-olds do not show stimulus inversion for the N290 but do show inversion effects for the later P400 component Halit et al 2003) . Additionally, although the P400 is opposite in polarity and occurs at a later latency than the adult N170, it does respond faster to faces than to objects (de Haan and Nelson 1999) .
The purpose of the present study was twofold. First, this experiment was designed to investigate the reported developmental progression from featural to configural processing of faces in infants by both behavioral (the visual paired-comparison procedure) and electrophysiological measures. Second, this investigation further elucidates the relation of the infant N290 and P400 face components to the adult N170 component. Four groups of infants, two groups of 4-month-olds and two groups of 8-month-olds, completed both a behavioral visual paired-comparison task as well as an infant controlled habituation of a single face, followed by a presentation of the familiar face with alterations made to it and of a novel face while ERPs were recorded. These age groups were chosen to test the shifts observed from 3 to 7 months of age (Cohen and Cashon 2001; Cashon and Cohen 2004 ) and the reported importance of the first 6 months of visual experience (Le Grand et al 2001) . If there is a shift from featural to configural processing from 4 to 8 months of age, 8-month-olds may be more sensitive to changes in configurations (both behaviorally and as indexed in the infant N290 and P400 ERP components) than 4-month-olds. Additionally, if 8-month-olds are using more adult-like modes of processing, we expect to demonstrate more similarities between ERP components in 8-month-olds and adults relative to adults and 4-month-olds.
3.1 Methods 3.1.1 Participants. The University of Minnesota Institutional Review Board approved all methods and procedures used in this study. Parents of all infants gave informed consent prior to testing. Participants in the ERP experiment were healthy, full-term infants. Twenty-seven 4-month-old (thirteen female) and twenty-five 8-month-old (thirteen female) infants were recruited from birth announcements in the St Paul/Minneapolis local area. Participants were paid $10 and given a small toy for participation. All participants were Caucasian. Each participant completed either a configural change (twenty-five infants) or a featural change (twenty-seven infants) face task while ERPs were recorded from the scalp. Behavioral analyses were carried out on fifteen 8-montholds and twenty 4-month-olds from the larger sample. An additional fourteen infants (four in the 8-month-old group, and ten in the 4-month-old group) were excluded owing to significant left-side or right-side looking biases, and another six infants (four in the 8-month-old group, and two in the 4-month-old group) were excluded owing to experimenter error.
3.1.2 Stimuli. The stimuli and conditions used in this experiment were the same as those used with the adults in experiment 1. Stimuli were presented with E-prime (version 1.0) software. For the ERP experiment, stimuli consisted of 60 pictures of each of 3 conditions, for a total of 180 randomly presented trials. The presentation of stimuli included the following: (i) the familiarized unchanged face, (ii) the familiarized face with either its features or its configuration altered, and (iii) a novel face (see figure 1) . Infants varied in the number of trials completed; this variation was determined by differences in attention, and ability to stay on task. Once infants became fussy or tired, the experiment was ended. Infants 4 months old completed an average of 68 trials and infants 8 months old completed an average of 74 trials. Stimuli were presented for 500 ms and were only presented when the infant's eyes were fixated on the screen. All stimuli were presented on a blue screen. After each trial, a white fixation cross was presented until the infant's eyes were fixated on the screen. An experimenter sat next to the infant and redirected the infant's attention to the screen if necessary.
3.1.3 Behavioral visual paired-comparison methods. Prior to electrophysiological recording, infants completed a visual paired-comparison task. Infants were familiarized with an unfamiliar female face for an accumulated looking time of 20 s (familiarization time based on previous studies conducted in our lab; see Pascalis et al 2002) . After this familiarization phase, infants were presented with 5-s side-by-side presentations of the familiarized face (unaltered) and the familiarized face with its configuration altered, followed by a 5-s presentation of the familiarized face and the familiarized face with its features replaced. The order of presentation was counterbalanced across subjects and each pair of stimuli was presented twice, once on each side of the screen, to eliminate any looking biases infants may have (eg a preference for looking only to one side). Infants' looking times were recorded with a JVC TV and VCR and a Panasonic (WV-BP334) video camera. Visual preferences were computed as the percentage of looking time to the familiar and novel stimuli. Looking times were coded off-line by two different raters (blind to which side was familiar and which side was novel) with The Observer 5.0 (Noldus Information Technology, The Netherlands). Inter-rater reliability was coded for 15% of the subjects and was above 85% for each subject. t-Tests, corrected for multiple comparisons, were used to determine whether infants' looking to each stimulus was significantly above chance, ie 50% ( p 5 0X05).
3.1.4 Electrophysiological methods. During ERP testing, infants within each age group either completed the configural or the featural task (between-subjects). Each task consisted of a habituation period, followed by test trials. Infants were habituated to a single unfamiliar female face, and then presented with a series of faces while ERPs were recorded. The habituation procedure was infant-controlled; infants viewed a single face until their last two consecutive looks were less than 50% of the average of the longest two consecutive looks. After the habituation phase, infants viewed serial presentations of stimuli including the following: (i) the familiarized face, (ii) the familiarized face with its either features or its configuration altered (between-subjects variable), and (iii) a novel or unfamiliar face. ERPs were collected with a 64-channel Geodesic Sensor Net (Electrical Geodesics, Inc., Eugene, Oregon) connected to an AC-coupled 128-channel, high-input-impedance amplifier (Net Amps 200, Electrical Geodesics, Inc). Amplified analog voltages (0.1^100 Hz bandpass) were digitized at 250 Hz. Impedances were accepted if they were less than 50 kO.
Post-recording segmentation and averaging was completed with Netstation 4.01 (Electrical Geodesics, Inc.). Trials were discarded from analyses if there were more than 10 bad channels (changing more than 75 mV between samples or amplitudes in excess of 150 mV). Individual channels that were consistently bad (off-scale on more than 70% of the trials) were replaced by using a spherical interpolation algorithm. A mean of 4.27 channels were replaced with interpolated data per participant in 8-montholds and 7.34 channels in 4-month-olds.
Participants' ERPs were segmented and averaged to three different conditions for each group including featural task: (i) familiarized face, (ii) featural change, (iii) unfamiliar face; and configural task: (iv) familiarized face, (v) configural change, (vi) unfamiliar face. Difference waves were also computed by subtracting the waveform response of configural and featural changes from the familiarized face in each task. Participants with fewer than 15 artifact-free trials per condition were excluded from analyses (eleven 4-month-olds, four 8-month-olds). An average of 24 trials was included for each condition for 8-month-olds and 19 trials for 4-month-olds. ERPs were baseline corrected with respect to a 100-ms pre-stimulus recording interval and were digitally low-pass filtered at 30 Hz. An average reference was used to minimize the effects of referencesite activity and accurately estimate the scalp topography of ERPs recorded from a high-density electrode montage (Dien 1998) . Epochs that captured components of interest were chosen on the basis of previous reports of the infant N290 and P400 and on the basis of peak-amplitude measures across participants. Epochs were chosen to best reflect the component of interest within each age group and thus resulted in different time windows across ages.
Results

3.2.1
Behavioral results: 8-month-olds. Collapsing across both presentations (sides switched for looking biases) we found no significant preferences for familiar or novel presentations of either the configural or the featural changes. However, on separation into the first and second presentations, a significant familiarity preference emerged for the featural stimuli (t 14 À2X23, p 5 0X05) in the first presentation, and a significant novelty preference emerged for the configural stimuli in the second presentation (t 14 À2X45, p 5 0X05). 4-month-olds. Similarly, there were no significant preferences for familiar or novel presentations of either the configural or the featural changes in 4-month-olds. In addition, on separation into the first and second presentations, there were still no significant looking preferences for 4-month-olds.
Electrophysiological results.
Analyses for the present study focused on the N290 and P400 components for both 4-month-old and 8-month-old groups. N290 in 8-month-olds. For the N290, maximum negative amplitude and the corresponding latency were analyzed across conditions from 151 to 331 ms post-stimulus onset. The channels selected for analyses were determined on the basis of previous reports of the N290 with the EGI system (for example, see and by identifying the electrode locations within the occipital-temporal regions with prominent N290 and P400 components. Four electrodes from each hemisphere were then averaged (left: 32, 33, 36, and 37; right: 40, 41, 44, and 45). Analyses of overall effects and difference waves were conducted in the same manner as for experiment 1. Only significant results are reported.
Analyses of the N290 did not reveal any significant differences in amplitude across all three conditions and groups. Latency analyses revealed a significantly longer latency to peak response for the familiarized face compared with the unfamiliar face (F 2 22 3X23, p 5 0X05; see figure 4) and a longer peak response in the right hemisphere than in the left hemisphere (F 1 23 6X16, p 5 0X05; see table 2 and figure 5a). Difference-wave analyses did not reveal any significant differences for this component. P400 in 8-month-olds. For the P400, maximum positive amplitude and the corresponding latency were analyzed across conditions from 299 to 563 ms after stimulus onset. The same electrode groupings and analyses as those used for the analysis of the N290 were also used for the P400.
Maximum-amplitude analyses reveal greater amplitude in the left than in the right hemisphere across all conditions (F 1 23 9X24, p 5 0X01; see figure 5a ). Furthermore, significant interactions between hemisphere and group (F 1 23 4X09, p 5 0X05) and between condition, hemisphere, and group (F 2 22 6X42, p 5 0X01) were found. The interaction between hemisphere and group was due to a greater amplitude response in the left hemisphere than in the right hemisphere for the featural but not the configural group (t 12 4X71, p 5 0X01; see table 3 and figure 5b). As indicated in table 4, follow-up analyses suggest that the three-way interaction occurs because of a greater maximumamplitude P400 response in the left hemisphere than in the right hemisphere in the featural task for the unfamiliar (t 12 3X21, p 5 0X01) and familiar faces (t 12 5X62, p 5 0X01), and in the configural task for the familiar face (t 11 2X49, p 5 0X05). * and bold denotes significant differences (* p 5 0X05; ** p 5 0X01). Figure 6 . Experiment 2: Topographic differences between configural and featural changes for the P400 in 8-month-olds. Topographic maps represent the difference between the original familiarized face and either the featural or configural change faces. Difference-wave analyses of the maximum-amplitude response for the P400 reveal a significant hemisphere6group interaction (F 1 23 4X51, p 5 0X05). This interaction is due to a greater difference in the left hemisphere than in the right hemisphere for the infants who completed the featural-change task (t 12 2X29, p 5 0X05), but not for the configural-change task. In addition, a greater difference was also observed between the original familiar face and the configurally changed face compared to the featurally changed face in the right hemisphere (t 11 À2X78, p 5 0X05). These effects are illustrated in figure 6 and table 5.
Latency analyses reveal a significant interaction between condition and hemisphere (F 2 22 4X32, p 5 0X05). As evident in figure 5c and table 3, this interaction is due to a longer latency to peak response in the left hemisphere than in the right hemisphere for the altered face (either featural or configural: t 24 3X07, p 5 0X01). This latency difference was not found for the unfamiliar face or the familiarized face. N290 in 4-month-olds. For the N290, maximum negative amplitude and latency were analyzed across conditions from 187 to 256 ms after stimulus onset. This window differs from that of 8-month-olds because the peak of the component occurs later in 4-month-olds than in 8-month-olds. The channels selected and analyses conducted for this component were the same as for the 8-month-olds. Results of the amplitude and latency reveal no significant main effects or interactions across groups and conditions. There were no significant differences for measures of maximum negative amplitude, the corresponding latency, or for the difference-wave analyses. P400 in 4-month-olds. For the P400, maximum amplitude and peak latency were analyzed across conditions from 227 to 699 ms after stimulus onset. The same electrode groupings and analyses as those used for the analysis of the P400 in 8-month-olds were also used for the P400 in 4-month-olds.
Analyses of maximum amplitude indicate a significantly greater amplitude response to the unfamiliar than to the altered and familiarized faces across groups and hemispheres (F 2 24 4X90, p 5 0X05; see figure 7 and table 6). There were no significant latency or difference-wave effects for this component (see table 7 ).
Discussion
The present study was designed to elucidate the electrophysiological and behavioral correlates of featural and configural processes in 8-month-old and 4-month-old infants. Two main hypotheses were proposed. First, it was hypothesized that 8-month-olds would show behavioral discrimination of both configural and featural face changes, but that 4-month-olds would be sensitive to only featural changes. Second, it was predicted that the infant N290 and P400, similar to the adult N170, would be sensitive to changes in featural and configural face information in 8-month-olds, and to featural information only in 4-month-olds.
Behavioral results suggest that 8-month-olds exhibited partial discrimination of both the featural and configural changes. However, these results were only evident when the 4 separate test trials were examined individually. Featural changes were discriminated Plot (c) showing the combined effect depicts significant differences for the P400 component, collapsed across groups, and hemispheres. Please note amplitude scale differences. * and bold denotes significant differences (* p 5 0X05; ** p 5 0X01). as evidenced by a familiarity preference in the first, but not second presentation of the featural comparison. In contrast, configural changes were discriminated, as evidenced by a significant novelty preference, in the second, but not the first, presentation of the stimuli. In contrast to the 8-month-olds, 4-month-olds did not exhibit discrimination across either condition for any of the VPC trials. Combined, these results suggest that 8-montholds may have an increased ability to discriminate both configural and featural face changes compared to 4-month-olds. However, this interpretation must be made with caution, as a null result is often difficult to interpret and the lack of a looking preference alone does not necessarily mean that there was no discrimination (Sophian 1980) . It could simply mean that 4-month-olds may need a longer familiarization time to fully encode these stimuli compared to 8-month-olds (Hunter et al 1983; Hunter and Ames 1988; Courage and Howe 1998) . Nevertheless, in light of the results for 8-month-olds, these data do suggest that 8-month-olds may have an increased ability to discriminate both types of face changes compared to 4-month-olds, under the present circumstances. It is difficult to make sense of the direction of preference and early versus late discrimination across conditions in 8-month-olds. A novelty preference is thought to facilitate adaptation to a constantly changing environment (Sokolov 1963) . Thus, it is adaptive for infants to orient and attend to novel events in their environments. However, as Sophian (1980) points out, significant familiarity preferences are also evidence of recognition memory and discrimination. Additionally, if the stimulus is not fully encoded, a familiarity preference is actually expected (Richards 1997 ; for review see Courage and Howe 1998) . Thus, it is plausible that infants are still encoding the familiar stimulus during the test trials, resulting in an early familiarity preference for the featurally changed faces and, once encoded, a later novelty preference for the configurally changed face. One possible interpretation of these data is that featural changes are more difficult to detect than configural changes in 8-month-olds. This interpretation is consistent with the development of the visual system. More specifically, contrast sensitivity, acuity, and the ability to resolve high-spatial-frequency information (all important factors for differentiating features) develop later than the ability to resolve low-spatial-frequency information (important in detecting configuration differences; see de Schonen and Mathivet 1990; Simion et al 1998) . Thus, if the ability to utilize high spatial frequency is still developing, it is conceivable that detecting featural changes would be more difficult than detecting configural changes. Further research is required to clarify these findings, in particular the 8-month-old preferences across some, but not all, trials and the direction of these preferences across conditions. Moreover, there were large individual differences across infants that need to be further investigated. Most infants in this study appear to show a significant preference, but the direction of this preference is bimodally distributed with half of the infants showing novelty preferences, half showing familiarity preferences, and a few with no preferences.
Overall, the electrophysiological results suggest that 8-month-olds have a more specialized and more adult-like response to faces than 4-month-olds. In 8-month-olds, the latency of the N290 component was longer in the right hemisphere than in the left hemisphere. Furthermore, the latency response to the familiarized face is significantly longer than to an unfamiliar face. In comparison, there were no significant differences across conditions, groups, and hemispheres for the N290. For the P400 component, 8-month-olds had a greater amplitude response in the left hemisphere than in the right hemisphere. This difference was most prominent in the featural condition for the unfamiliar and familiar faces and in the configural condition for the familiarized face. There was no hemispheric differences for the P400 in 4-month-old infants. Furthermore, the P400 in the 8-month-olds peaked significantly later in the left than in the right hemisphere for the altered face (regardless of whether the change was featural or configural). Interestingly, the P400 in 4-month-olds was greater for the unfamiliar than for the familiarized and altered familiarized faces (regardless of group). This finding partially supports the original hypothesis that 4-month-olds would have more difficulty discriminating configural changes. However, this sensitivity does not differ across featural and configural groups. The sensitivity to familiar stimuli may be similar to the latency differences found in the N290 of the 8-month-olds.
An examination of the difference-wave results reveals very interesting results. The 8-month-olds, similar to what was previously reported in adults, exhibited greater left than right hemisphere differences when comparing the featural change to the configural change, and in the right hemisphere there was a greater difference between the configural change and the original face compared to the featural change and the original face. This similarity between adults and 8-month-olds will be discussed further in the general discussion (section 4). In contrast, the difference-wave analyses in the 4-montholds did not reveal any significant differences.
Combined, the behavioral and electrophysiological results from the current study suggest that, unlike 4-month-olds, 8-month-olds exhibited precursors to adult-like face processing. These results are somewhat inconsistent with what Cashon and Cohen (2004) report. In contrast to the present study, these authors reported that 4-monthold infants are able to detect changes in the inner and outer features of the face. However, in the current investigation both electrophysiological and behavioral data suggest that 4-month-olds are not able to detect configural or featural face changes. One important difference between the two reports is that the featural and the configural manipulations in the two studies were very different. Cashon and Cohen examined infants' ability to detect changes between the inner and outer parts of the head. More specifically, they replaced the entire set of unchanged features within a face, but left the contour (outer edge of the face and hair) unchanged. According to Mondloch et al (2002) detecting this type of contour reaches adult levels before the ability to detect second-order (spacing between eyes, etc) changes in faces. In the present investigation we made changes to the eyes and the mouth, and in both the featuralchange and configural-change conditions the contour and the rest of the face remained the same. Thus, the detection of second-order configural and featural face changes may follow a different (protracted) developmental trajectory compared to that of contour detection.
The results of this experiment provide further evidence that the infant P400 component is a precursor to the adult N170 face component. At this time, further research is needed to explain the development of the face-processing components in infancy and explain why (and how), for example, processing faces appears to functionally shift from a positive to a negative component with development. There are several possible explanations for this, including cortex maturation, and increases in speed of processing which result in a functional shift.
The present investigation also provides both behavioral and electrophysiological support for differential processing of featural and configural face changes from 4 to 8 months of age. However, these results are not consistent with the hypothesis that there is a developmental shift from more featural-based to configural-based face processing from 4 to 8 months of age, and may actually suggest the opposite, on the basis of the development of the ability to use high-spatial-frequency and low-spatial-frequency information. The relation between configural and featural processing and the development of high-spatial-frequency and low-spatial-frequency utilization should be further investigated.
General discussion
The goals of the present set of experiments were twofold. The first experiment was intended to elucidate the electrophysiological correlates of configural and featural face processing in adults. More specifically, this study was designed to discern whether the N170 face component was sensitive to these different types of changes and, if so, how these changes were distributed across the scalp. The second experiment, based on previous reports about developmental differences in configural and featural processing, was designed to test whether there are behavioral or electrophysiological differences between configural and featural processing in infants aged 4 and 8 months.
The electrophysiological results of the study for the adults provide compelling evidence against the notion that the adult N170 face component is simply a`face detector' (Bentin et al 1996; Bentin and Deouell 2000; Sagiv and Bentin 2001; Carmel and Bentin 2002) . Moreover, these data do not support the idea that the N170 is only sensitive to first-order spatial relations (something`face-like'), and suggest that this component may also be sensitive to second-order relations (or changes in spatial layoutöMaurer et al 2002). These data imply that, similar to what has been reported with non-face objects (Egly et al 1994; Akshoomoff et al 2002) , the left hemisphere is more sensitive to the detection of featural face changes, whereas both the left and right hemispheres are sensitive to configural face changes. Moreover, the N170 response in the current investigation is greater in the left hemisphere for featural changes and greater in the right hemisphere for configural changes. These results indicate differential neural processing of featural and configural changes across hemispheres, with greater overlap for configural changes.
The results from the experiment with infants suggest developmental differences in the ability to detect both configural and featural face changes from 4 to 8 months of age. Behaviorally, 8-month-olds have a somewhat increased ability to discriminate such changes than 4-month-olds. One of the most striking findings from this set of experiments is the similar pattern of electrophysiological results when comparing the 8-month-olds to the adults. Both age groups exhibited very similar results for the difference waves (subtracting responses to the altered familiarized faces from that of the familiarized faces). The pattern of results for the P400 in 8-month-olds almost mirrors the pattern of results for the N170 in adults. Both components were greater in amplitude to the featural changes in the left than in the right hemisphere, were equal in amplitude to the configural changes across both hemispheres, and in the right hemisphere the configural change elicited a response with greater amplitude than did the featural changes. The primary difference between the two age groups was that part of the dissociation found in adults (greater amplitude to the featural than to the configural change in the left hemisphere) was not apparent for 8-month-olds (see tables 1, 5, and 7 for a comparison of the difference-wave results across all age groups). These results are consistent with the view that the P400 is a developmental precursor to, or analog of, the N170 face component in adults, supporting previous reports that the P400 is similarly sensitive to changes in faces [ie peaks faster to faces than objects (de Haan and Nelson 1999 ) and sensitive to face inversion ].
In addition, these results indicate that infants as young as 8 months of age are sensitive to second-order configural changes in faces. These findings stand in contrast to several reports suggesting that adult-like configural face processing does not occur until early to late childhood (for example, Diamond 1977, 1994; Schwarzer 2000; Brace et al 2001) . Furthermore, the results are consistent with the model of perceptual narrowing (Nelson 2001 (Nelson , 2003 in face processing. Although 4-month-olds do not have the same electrophysiological specificity as 8-month-olds when looking at the difference waves and hemispheric differences across conditions, the P400 results in 4-month-olds do suggest that they may have an increased ability to discriminate across conditions compared to 8-month-olds and adults (compare figures 8 and 7). Whereas the 8-month-olds and adults do not exhibit any main effects of condition for the N170 (adults) or the P400 (8-month-olds), the P400 of the 4-month-olds is significantly greater to the unfamiliar than to the familiar and altered familiar faces. Thus, if the P400 is a precursor to the N170 in adults, there is evidence that 4-month-olds have an increased sensitivity to familiar and unfamiliar faces as indexed by this component. Furthermore, these results suggest that the function and specificity of the N170 may change across development. For example, early in development the P400 component may be involved in individuating faces by detecting familiarity or novelty, but with further development this component becomes less sensitive to these types of face changes.
Overall, the findings of the current set of investigations suggest developmental differences between 4-month-olds, 8-month-olds, and adults. These results suggest that the 8-month-olds and adults are surprisingly similar in their processing of featural and configural changes. Finally, as evidenced by the differences in the P400 between the infants, the P400 in 4-month-olds may differ in function compared to the N170 in adults, and the P400 in 8-month-olds. In comparison to figure 7, these results are non-significant. Please note amplitude scale differences.
